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(57) ABSTRACT

A fluorescent color wheel includes a substrate, a phosphor
layer, and a fan blade structure. The substrate has a front
surface, a rear surface opposite to the front surface, and a
plurality of through holes communicating the front surface
and the rear surface. The phosphor layer 1s disposed on the
front surface. The fan blade structure includes a heat-
dissipating plate and a plurality of first fan blades. The
heat-dissipating plate has a first surtace attached to the rear
surface of the substrate. The first fan blades are disposed on
the first surface and respectively pass through the through
holes to protrude out from the front surface of the substrate.

11 Claims, 6 Drawing Sheets
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FLUORESCENT COLOR WHEEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to China Application

Serial Number 202110675852.0, filed Jun. 18, 2021, which
1s herein 1mcorporated by reference.

BACKGROUND

Technical Field

The present disclosure relates to a fluorescent color wheel.

Description of Related Art

In recent years, optical projectors have been used 1n many
fields, and the scope of applications 1s also expanding day by
day (e.g., from consumer products to high-tech equipment).
Various optical projectors are also widely used in schools,
homes and commercial occasions to enlarge the display
pattern provided by the signal source and display 1t on the
projection screen.

For the light source configuration of an optical projector,
light can be generated by a fluorescent material excited by
a solid-state laser light source. In this regard, the fluorescent
material can be coated on the wheel, and the motor can be
used to drive the wheel to rotate at a high speed, so that
energy of the laser light source received by a local part of the
fluorescent material mm a unit time 1s reduced, thereby
achieving the purpose of heat dissipation. However, as the
brightness requirements of optical projectors continue to
increase, the heat dissipation requirements for fluorescent
materials have become increasingly stringent.

Accordingly, how to make the wheel and the fluorescent
material thereon have a better way of heat dissipation
becomes an important 1ssue to be solved by those in the
industry.

SUMMARY

An aspect of the disclosure 1s to provide a fluorescent
color wheel that can efliciently solve the aforementioned
problems.

According to an embodiment of the disclosure, a fluores-
cent color wheel 1includes a substrate, a phosphor layer, and
a fan blade structure. The substrate has a front surtace, a rear
surface opposite to the front surface, and a plurality of
through holes communicating the front surface and the rear
surtace. The phosphor layer 1s disposed on the front surface.
The fan blade structure includes a heat-dissipating plate and
a plurality of first fan blades. The heat-dissipating plate has
a first surface attached to the rear surface of the substrate.
The first fan blades are disposed on the first surface and
respectively pass through the through holes to protrude out
from the front surface of the substrate.

In an embodiment of the disclosure, the phosphor layer 1s
located between an outer edge of the substrate and the first
fan blades.

In an embodiment of the disclosure, the first fan blades are
located between an outer edge of the substrate and the
phosphor layer.

In an embodiment of the disclosure, the first fan blades are
respectively engaged with the through holes.

In an embodiment of the disclosure, the first fan blades are
perpendicular to the first surface.
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In an embodiment of the disclosure, the heat-dissipating
plate further has a second surface opposite to the first
surface. The fan blade structure further includes a plurality
of second fan blades. The second fan blades are disposed on
the second surface.

In an embodiment of the disclosure, an orthographic
projection of one of the second fan blades on the front
surface at least partially overlaps the phosphor layer.

In an embodiment of the disclosure, the fluorescent color
wheel further includes a thermally conductive matenal. The
thermally conductive material 1s bonded between the first
surface of the heat-dissipating plate and the rear surface of
the substrate.

In an embodiment of the disclosure, the fluorescent color
wheel further includes a first alignment structure and a
second alignment structure. The first alignment structure 1s
disposed on the substrate. The second alignment structure 1s
disposed on the heat-dissipating plate and aligned with the
first alignment structure.

In an embodiment of the disclosure, each of the first
alignment structure and the second alignment structure 1s a
locking hole. The fluorescent color wheel further includes a
locking member. The locking member 1s fastened in the
locking holes.

According to an embodiment of the disclosure, a fluores-
cent color wheel includes a substrate, a phosphor layer, and
a fan blade structure. The substrate has a front surface, a rear
surface opposite to the front surface, and a plurality of
through holes communicating the front surface and the rear
surface. The phosphor layer 1s disposed on the front surface.
The fan blade structure includes a heat-dissipating plate, a
plurality of first fan blades, and a plurality of second fan
blades. The heat-dissipating plate 1s disposed on the rear
surface of the substrate. The first fan blades are disposed on
the heat-dissipating plate and respectively protrude out from
the through holes. The second fan blades are disposed on the
heat-dissipating plate and extend away from the substrate.
The phosphor layer 1s located between an outer edge of the
substrate and the through holes, or the through holes are
located between the outer edge of the substrate and the
phosphor layer.

Accordingly, 1n the fluorescent color wheel of the present
disclosure, the phosphor layer i1s disposed on the front
surface of the substrate, the heat-dissipating plate of the fan
blade structure 1s attached to the rear surface of the substrate,
and the first fan blades of the fan blade structure pass
through the through holes of the substrate to be located on

the same side of the substrate as the phosphor layer. There-
fore, when the fluorescent color wheel rotates, the first fan
blades located on the same side of the substrate as the
phosphor layer can drive the air to directly tlow through the
phosphor layer, so that the heat thereon 1s directly trans-
terred to the air in the manner of thermal convection, thereby
achieving the effect of direct heat dissipation. Not only that,
the second fan blades of the fan blade structure are disposed
on the side of the heat-dissipating plate away from the
substrate. Theretfore, the heat of the phosphor layer 1s also
transferred to the heat-dissipating plate 1n the manner of
thermal conduction, then transterred to the first fan blades
and the second fan blades, and finally transferred to the air
in the form of thermal convection with the rotation of the
fluorescent color wheel. In this way, the fluorescent color
wheel with the atorementioned multiple ways of heat dis-
51pat1011 can ellectively increase the heat dissipation eili-
ciency, and can be used with higher power light sources. In
addition, by engaging the through holes with the first fan
blades, the 1nitial assembly between the substrate and the fan
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blade structure can be easily completed, and the relative
rotation of the two during the rotation of the fluorescent
color wheel can be avoided, thereby increasing the overall
structural stability of the fluorescent color wheel.

It 1s to be understood that both the foregoing general
description and the following detailed description are by

examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:

FIG. 1A 1s a perspective view of a fluorescent color wheel
and a motor according to an embodiment of the present
disclosure:

FIG. 1B 1s an exploded view of the fluorescent color
wheel and the motor 1n FIG. 1A;

FIG. 2 1s a partial cross-sectional view of the fluorescent
color wheel 1n FIG. 1A;

FIG. 3 1s a partial enlarged view of the structure 1n FIG.
2;

FI1G. 4 15 a rear view of the fluorescent color wheel 1n FIG.
1A and

FIG. 5 1s a front view of a fluorescent color wheel
according to another embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing,
example embodiments, and thus may be embodied 1n many
alternate forms and should not be construed as limited to
only example embodiments set forth herein. Therefore, 1t
should be understood that there 1s no intent to limit example
embodiments to the particular forms disclosed, but on the
contrary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope
of the disclosure.

Reference 1s made to FIG. 1A-2. FIG. 1A 1s a perspective
view ol a fluorescent color wheel 100 and a motor 300
according to an embodiment of the present disclosure. FIG.
1B 1s an exploded view of the fluorescent color wheel 100
and the motor 300 1mn FIG. 1A. FIG. 2 1s a partial cross-
sectional view of the fluorescent color wheel 100 1n FIG. 1A.
In the present embodiment, the fluorescent color wheel 100
includes a substrate 110 and a phosphor layer 120. The
substrate 110 has a front surtace 111 and a rear surface 112
opposite to each other. The phosphor layer 120 1s disposed
on the front surface 111. In addition, the substrate 110 further
has an assembly hole 115, and the heat-dissipating plate 131
turther has an assembly hole 131d. The assembly holes 115,
131d are aligned and communicated with each other, and are
respectively located 1n the center of the substrate 110 and the
heat-dissipating plate 131. The motor 300 1s connected to the
inner wall of at least one of the assembly holes 115, 1314,
and 1s configured to rotate the fluorescent color wheel 100.
The phosphor layer 120 has a ring shape and may include
one or more phosphor areas of different colors. In this way,
the fluorescent color wheel 100 can be applied to a projector
and used as a wavelength conversion device. Specifically,
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when the light source of the projector emits light to the
phosphor layer 120 of the tfluorescent color wheel 100, the
phosphor areas of diflerent colors will be excited by the light
to produce different colors, thereby achieving the eflect of
wavelength conversion.

After the light from the light source 1s 1rradiated to the
phosphor layer 120 for a long time, a large amount of heat
will be accumulated on the phosphor layer 120. If the heat
1s not conducted away 1n time, the wavelength conversion
elliciency of the phosphor layer 120 will deteriorate. The
specific heat dissipation mechanism of the fluorescent color
wheel 100 of the present embodiment will be described
below.

As shown 1 FIGS. 1A-2, i the present embodiment, the
substrate 110 further includes a plurality of through holes
113. The through holes 113 communicate the front surface
111 and the rear surface 112 of the substrate 110. The
fluorescent color wheel 100 further includes a fan blade
structure 130. The fan blade structure 130 includes a heat-
dissipating plate 131 and a plurality of first fan blades 132.
The heat-dissipating plate 131 has a first surface 131qa
attached to the rear surface 112 of the substrate 110. The first
fan blades 132 are disposed on the first surface 131a and
respectively pass through the through holes 113 to protrude
out from the front surface 111 of the substrate 110. In other
words, the first fan blades 132 of the fan blade structure 130
pass through the through holes 113 of the substrate 110 to be
located on the same side of the substrate 110 as the phosphor
layer 120.

With the aforementioned structural configuration, when
the fluorescent color wheel 100 rotates, the first fan blades
132 located on the same side of the substrate 110 as the
phosphor layer 120 can drive the air to directly flow through
the phosphor layer 120, so that the heat thereon can be
directly transferred to the air in the manner of thermal
convection, thereby achieving the effect of direct heat dis-
sipation. Not only that, the heat of the phosphor layer 120
can also be transferred to the heat-dissipating plate 131 1n
the manner of thermal conduction, then transferred to the
first fan blades 132, and finally transierred to the air in the
form of thermal convection with the rotation of the fluores-
cent color wheel 100. In this way, the fluorescent color
wheel 100 with the aforementioned two ways of heat
dissipation can efllectively increase the heat dissipation
ciliciency, and can be used with higher power light sources.

In some embodiments, the material of the fan blade
structure 130 includes metal or non-metal (for example,
thermally conductive ceramics), but the disclosure i1s not
limited thereto.

When assembling the fluorescent color wheel 100, the
first fan blades 132 of the fan blade structure 130 can be
respectively aligned with and pass through the through holes
113 on the substrate 110 until the first surface 131a of the
heat-dissipating plate 131 abuts against the rear surface 112
of the substrate 110. As shown in FIG. 2, in the present
embodiment, the first fan blades 132 are respectively
engaged with the through holes 113. In detail, at least a part
of the inner wall of a through hole 113 may abut against a
part of the outer surface of a first fan blade 132. In this way,
the mitial assembly between the substrate 110 and the fan
blade structure 130 can be easily completed, and the relative
rotation of the two during the rotation of the fluorescent
color wheel 100 can be avoided, thereby increasing the
overall structural stability of the fluorescent color wheel
100.

As shown 1 FIG. 2, 1n the present embodiment, the first
fan blades 132 can be designed to be perpendicular to the
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first surtace 131a of the heat-dissipating plate 131, and the
inner walls of the through holes 113 can be designed to be
perpendicular to the rear surface 112 of the substrate 110.
Therefore, when the fluorescent color wheel 100 1s
assembled, the assembly direction of the fan blade structure
130 relative to the substrate 110 can be parallel to the first
fan blades 132 and the inner walls of the through holes 113.
In this way, the size of the through holes 113 can be designed
to be smaller, so as to be more closely engaged with the first
fan blades 132.

In other embodiments, the size of the through holes 113
on the substrate 110 may be larger, so that the inner walls of
the through holes 113 are separated from the first fan blades
132, which will help the first fan blades 132 of non-vertical
type to pass through the through holes 113, or considers the
allowable amount of thermal expansion effect 1n actual use.

As shown in FIG. 2, in the present embodiment, the
heat-dissipating plate 131 further has a second surface 1315
opposite to the first surface 131a. The fan blade structure
130 further includes a plurality of second fan blades 133.
The second fan blades 133 are disposed on the second
surface 1315 of the heat-dissipating plate 131. In other
words, the second fan blades 133 are disposed on a side of
the heat-dissipating plate 131 away from the substrate 110
and extend away from the substrate 110. With this structural
configuration, the heat of the phosphor layer 120 is further
transierred to the heat-dissipating plate 131 1n the manner of
thermal conduction, then transferred to the second fan blades
133, and finally transferred to the air in the form of thermal
convection with the rotation of the fluorescent color wheel
100. It should be noted that one of the main functions of the
heat-dissipating plate 131 1s to carry the first fan blades 132
and the second fan blades 133 at the same time. Therefore,
the structure of the heat-dissipating plate 131 1s not neces-
sarily circular plate-shaped as in the previous embodiment.
In other embodiments, the heat-dissipating plate 131 can
also be 1n the shape of an annular plate (not shown in the
figure), and the first fan blades 132 and the second fan blades
133 are disposed on both sides, which can also achieve the
cllect of the present disclosure.

Reference 1s made to FIG. 3. FIG. 3 1s a partial enlarged
IG. 3, 1n the

view of the structure 1n FIG. 2. As shown in FI
present embodiment, the fluorescent color wheel 100 further
includes a thermally conductive material 140. The thermally
conductive material 140 1s bonded between the first surface
131a of the heat-dissipating plate 131 and the rear surface
112 of the substrate 110. Hence, the thermally conductive
material 140 can eflectively reduce the thermal resistance
between the heat- d1551pat1ng plate 131 and the substrate 110,
thereby further increasing the heat dissipation efliciency of
the fluorescent color wheel 100.

In some embodiments, the thermally conductive material
140 includes metal or a metal paste material, but the
disclosure 1s not limited thereto. When the thermally con-
ductive material 140 1s a metal paste material, the stability
of the substrate 110 attached to the heat-dissipating plate 131
can be increased, and friction among structures caused by
vibration during the operation of the motor 300 can be
avolded. In some embodiments, the atorementioned metal or
metal paste material includes silver, copper, tin, etc., but the
disclosure 1s not limited thereto.

Reference 1s made to FIG. 4. FIG. 4 1s a rear view of the
fluorescent color wheel 100 in FIG. 1A. As shown 1n FIG.
4, 1 the present embodiment, orthographic projections of
the second fan blades 133 (indicated by dotted lines 1n FIG.
4) on the front surface 111 at least partially overlaps the

phosphor layer 120. In this way, the thermal conduction
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distance between the phosphor layer 120 and the second fan
blades 133 can be reduced, so that the thermal resistance
between the phosphor layer 120 and the second fan blades
133 can be reduced more eflectively.

As shown 1n FIGS. 1A-2, 1 the present embodiment, the
fluorescent color wheel 100 further includes first alignment
structures 114 and second alignment structures 131c¢. The
first alignment structures 114 are disposed on the substrate
110. The second alignment structures 131¢ are disposed on
the heat-dissipating plate 131 and aligned with the first
alignment structures 114, respectively. Each of the first
alignment structures 114 and the second alignment struc-
tures 131c¢ 1s a locking hole. The fluorescent color wheel 100
further includes locking members 150. The locking mem-
bers 150 are fastened 1n the locking holes. For example, as
shown 1n FIG. 2, the locking members 150 are screws. The
first alignment structures 114 are holes with a larger diam-
cter. The second alignment structures 131¢ are screw holes
with a smaller diameter. The locking members 150 pass
through the first alignment structures 114 and are screwed to
the second alignment structures 131¢, thereby locking the
substrate 110 and the heat-dissipating plate 131 to each
other.

In some other embodiments, the first alignment structures
114 are disposed on the rear surface 112 of the substrate 110,
and the second alignment structures 131¢ are disposed on
the first surface 131a of the heat-dissipating plate 131. One
of the first alignment structure 114 and the second alignment
structure 131¢ 1s a bump structure, and another of the first
alignment structure 114 and the second alignment structure
131c¢ 1s a recess structure, so that the substrate 110 and the
heat-dissipating plate 131 are mutually positioned.

As shown i FIG. 1A and FIG. 1B, 1 the present
embodiment, the housing of the motor 300 may be provided
with an external thread, and configured to be screwed with
a fixing ring 400 having an internal thread. By making the
fixing ring 400 abut against the front surface 111 of the
substrate 110, making a part of the housing of the motor 300
abut against the second surface 1315 of the heat-dissipating
plate 131, and locking the fixing ring 400 and the housing of
the motor 300 to each other, the fluorescent color wheel 100
and the motor 300 can be fixed to each other.

As shown 1 FIG. 1A, 1n the present embodiment, the
phosphor layer 120 1s located between an outer edge 116 of
the substrate 110 and the first fan blades 132, but the
disclosure 1s not limited thereto. Reference 1s made to FIG.
5. FIG. 5 1s a front view of a fluorescent color wheel 200
according to another embodiment of the present disclosure.
A difference between this embodiment and the embodiment
shown 1 FIG. 1A 1s that this embodiment modifies the
relative positions of the first fan blades 132 and the phosphor
layer 120 on the substrate 110 1 FIG. 1A. Specifically, 1n
this embodiment, the first fan blades 232 are located
between an outer edge 216 of the substrate 210 and the
phosphor layer 220. When the fluorescent color wheel 100
in FIG. 1A rotates, the airflow generated by the first fan
blades 132 will blow to the outer phosphor layer 120,
thereby forcibly bringing the heat on the phosphor layer 120
into the air. When the fluorescent color wheel 200 of this
embodiment rotates, the airflow generated by the first fan
blades 232 will be sucked away from the inner phosphor
layer 220, and the heat on the phosphor layer 220 will be
forced mto the air.

According to the foregoing recitations of the embodi-
ments of the disclosure, 1t can be seen that 1n the fluorescent
color wheel of the present disclosure, the phosphor layer 1s
disposed on the front surface of the substrate, the heat-
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dissipating plate of the fan blade structure 1s attached to the
rear surface of the substrate, and the first fan blades of the
fan blade structure pass through the through holes of the
substrate to be located on the same side of the substrate as
the phosphor layer. Therefore, when the fluorescent color
wheel rotates, the first fan blades located on the same side
of the substrate as the phosphor layer can drive the air to
directly flow through the phosphor layer, so that the heat
thereon 1s directly transferred to the air in the manner of
thermal convection, thereby achieving the effect of direct
heat dissipation. Not only that, the second fan blades of the
fan blade structure are disposed on the side of the heat-
dissipating plate away from the substrate. Therefore, the
heat of the phosphor layer 1s also transierred to the heat-
dissipating plate in the manner of thermal conduction, then
transierred to the first fan blades and the second fan blades,
and finally transferred to the air in the form of thermal
convection with the rotation of the fluorescent color wheel.
In this way, the fluorescent color wheel with the aforemen-
tioned multiple ways of heat dissipation can eflectively
increase the heat dissipation efliciency, and can be used with
higher power light sources. In addition, by engaging the
through holes with the first fan blades, the 1nitial assembly
between the substrate and the fan blade structure can be
casily completed, and the relative rotation of the two during
the rotation of the fluorescent color wheel can be avoided,
thereby increasing the overall structural stability of the
fluorescent color wheel.

Although the present disclosure has been described 1n
considerable detail with reference to certain embodiments
thereol, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it 1s
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What 1s claimed 1s:

1. A fluorescent color wheel, comprising:

a substrate having a front surface, a rear surface opposite
to the front surface, and a plurality of through holes
communicating the front surface and the rear surface;

a phosphor layer disposed on the front surface; and

a fan blade structure comprising:

a heat-dissipating plate having a first surface attached

to the rear surface of the substrate, wherein the

heat-dissipating plate entirely covers the through
holes; and

a plurahty of first fan blades disposed on the first

surface and respectively passing through the through

holes to protrude out from the front surface of the

substrate.
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2. The fluorescent color wheel of claim 1, wherein the
phosphor layer i1s located between an outer edge of the
substrate and the first fan blades.

3. The fluorescent color wheel of claim 1, wherein the first
fan blades are located between an outer edge of the substrate
and the phosphor layer.

4. The fluorescent color wheel of claim 1, wherein the first
fan blades are respectively engaged with the through holes.

5. The fluorescent color wheel of claim 1, wherein the first
fan blades are perpendicular to the first surface.

6. The fluorescent color wheel of claim 1, wherein the
heat-dissipating plate further has a second surface opposite
to the first surface, the fan blade structure further comprises
a plurality of second fan blades, and the second fan blades
are disposed on the second surface.

7. The fluorescent color wheel of claim 6, wherein an
orthographic projection of one of the second fan blades on
the front surface at least partially overlaps the phosphor
layer.

8. The fluorescent color wheel of claim 1, further com-
prising a thermally conductive material bonded between the
first surface of the heat-dissipating plate and the rear surface
of the substrate.

9. The fluorescent color wheel of claim 1, further com-
prising:

a first alignment structure disposed on the substrate; and

a second alignment structure disposed on the heat-dissi-
pating plate and aligned with the first alignment struc-
ture.

10. The fluorescent color wheel of claim 9, wherein each
of the first alignment structure and the second alignment
structure 1s a locking hole, the fluorescent color wheel
further comprises a locking member, and the locking mem-
ber 1s fastened 1n the locking holes.

11. A fluorescent color wheel, comprising:

a substrate having a front surface, a rear surface opposite
to the front surface, and a plurality of through holes
communicating the front surface and the rear surface;

a phosphor layer disposed on the front surface; and

a fan blade structure comprising:

a heat-dissipating plate disposed on the rear surface of
the substrate, wherein the heat-dissipating plate
entirely covers the through holes;

a plurality of first fan blades disposed on the heat-
dissipating plate and respectively protruding out
from the through holes; and

a plurality of second fan blades disposed on the heat-
dissipating plate and extending away from the sub-
strate,

wherein the phosphor layer 1s located between an outer
edge of the substrate and the through holes, or the
through holes are located between the outer edge of the
substrate and the phosphor layer.
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